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Abstract 
 
The eastern part of Romanian Great Plain is densely populated and characterized by intensive cropping practices. 
Agricultural sustainability problems in this agro-ecological zone are mainly due to extended soil erosion and fertility 
decline. Insights into the feasibility of stabilization period of conservative agriculture (CA) practices, as a part of a 
sustainable production system in the Eastern Romanian Danube Plain, are outlined in this paper based on soil quality 
indicators, as aggregate distribution, aggregate stability, and direct surface infiltration (time-to-pond), which were 
selected from a long-term sustainability field trial, initiated in 2010 at NARDI Fundulea. Retaining the vegetal residue 
on the field surface, within zero tillage, is avoided the low aggregate distribution and stability resulting in top layer 
slaking, is decreasing erosion and low time-to-pond values and even the physical conditions of the soil is well improved 
as compared to traditional chisel tillage practice. Taking into account these results of this research, CA should be 
considered an important option towards sustainable agriculture for the Eastern Romanian Danube Plain region. 
Keywords:  aggregate distribution and stability, time-to-pond, residue management, chisel tillage, zero tillage. 
 
 
1. Introduction 
 
The traditional farming practice involves a 
series of tillage operations that break up the soil into 
smaller and smaller chunks to provide weed-free 
seedbeds at sowing. This system increases erosion 
as well as the risk of soil structure degradation, 
which results in marked losses of soil moisture [8]. 
.   
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There is a need to develop technologies and 
management schemes that can simultaneously 
enhance production, preserve the natural resource 
base and decrease costs. One of the technology 
packages under considerations to develop new crop 
establishment and subsequent management practices 
to improve water use, reduce erosion and enhance 
human labor efficiencies is conservation agriculture 
(CA), both for rainfed as well as irrigated 
production systems. Conservation agriculture is 
characterized by the following key components: 1) 
minimal soil movement, 2) rational amounts of 
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residue cover, and 3) economical viable crop 
rotations. All these result in a reduction in 
management costs.  The name CA has been used 
over the last 15-16 years to distinguish this more 
sustainable agriculture from the narrowly defined 
“conservation tillage” - taking the emphasis off the 
tillage component and addressing an enhanced 
concept of the complete agricultural system [19]. 
Reducing tillage combined with crop residue 
retention on soil surface can increase moisture 
infiltration [16], greatly diminishes erosion, and 
increase water use efficiency [10], when compared 
to conventional tillage. Crop residues accumulated 
on soil surface form a barrier to water loss by 
evaporation and increase the amount of moisture 
stored in the plant root zone which is readily 
available to the crop. A series of field experiments 
show also that when less tillage is done, moisture 
level is substantially increased, soil temperature is 
decreased, and more stable soil aggregates are 
accumulated, thus the soil structure being improved 
[15]. Crop rotations can well break soil pathogen 
cycles and reduce weed pressure.  
A complex experiment started to be carried out in 
2010, at a multidisciplinary research platform within 
NARDI Fundulea, in order to investigate the long 
term effects of the practices as soil tillage/seeding, 
crop rotation, and vegetal residue management on 
the performances of winter wheat-maize-soybean 
system, in rain fed conditions. Further on, the 
research taking place in the period of 2011-2014 had 
the main purpose the determination of influence of 
vegetal residue management on important soil 
quality indicators [9] as aggregate distribution, 
aggregate stability, and direct surface infiltration 
(time-to-pond), in order to evaluate the advantages 
of CA in the time of stabilization of direct seeding 
effects, in comparison with traditional chisel tillage. 
 
2. Material and Method  
  
NARDI Fundulea experimental field is 
located at 44º27’45” latitude and 26º31’35” 
longitude, East of Romanian Danube Plain, and East 
of Fundulea town. The soil is a cambic cernozem 
formed on loessoide deposits, which is typical for a 
large area of this plain. Its surface is flat, at 68 m 
altitude, and with the underground water at 10-12 m 
depth. Morphologically, the soil presents an Ap 0-
27 cm horizon, dusty-argillaceous, with 36.5% clay, 
49.2 mm haˉ¹ permeability and with a compaction of 
1.41 g cmˉ³. It contains high-very high levels of: 
potassium (soluble K = 175 ppm), phosphorus (70 
ppm), and humus (2.2%). The total nitrogen is 
around 0.157, C/N=15.9 and pH = 6.7. Climate is of 
temperate continental type, with a 50 year 
multiannual mean temperature of 10.7°C and 580 
mm precipitations. The study described here was 
conducted as part of a long-term trial. In 2010, at the 
end of summer, one month after a rainy period, the 
entire experimental plot was treated with a broad-
spectrum contact herbicide, than it was seeded with 
winter wheat [7]. Individual plots were of size of 6.0 
m by 10.0 m. Maize and soybean were planted with 
a population of 60,000 and respectively 500,000 
plants haˉ¹, on 70 cm apart rows, and winter wheat 
with 500 seeds mˉ², on 12.5 cm apart rows. The 
winter wheat and maize plots were fertilized at a 
rate of 120 kg N haˉ¹, with all N applied to wheat 
(broadcast) at the 1st node growth stage, and to 
maize (surface-banded) at the 5 or 6 leaf stage. 
Approriate herbicides were used to control weeds as 
needed. No diseas or insect pest controls were 
utilized. Winter wheat planting took place in the 
period of October 10-20, and for maize and 
soybean- April 15-30.  
The experimental design was 4x4 Latin 
Square. The 12 tratments combined separate wheat-
maize-soybean rotations, tillage/planting methods, 
and residue management practices. Experimental 
treatments included: 1) chisel tillage, retained crop 
residues being chopped and incorporated (ciz); 2) 
zero tillage, retained crop residue chopped and kept 
on the field in short flat condition (rvt); 3) zero 
tillage, crop residues kept on the field in short root-
anchored condition (1/2rva), and 4) zero tillage, 
crop residues kept on the field in tall root-anchored 
condition (1/1rva). 
A composite of of seven sub-samples, with a 
total weight of 500 g, was taken randomly from 0-
20 cm soil layer, during the 2013 and 2014 crop 
cycle. In order to avoid breackdown of aggregates, 
sampling was done with a small shovel. Samples 
were air-dried for a few hours and big clods (>5 cm) 
were gently crumbled, then air-dried further for two 
weeks at which time moisture content was 
determined gravimetrically on a 50 g sub sample. 
Soil was then hand sieved through a 8 mm sieve. To 
determine dry aggregate distribution, a subsample of 
200 g was separated by shaking the samples through 
a set of five sieves with openings of 4.0, 2.0, 1.0, 
0.5, 0.25 and 0.063 mm with a AS 200 shaker 
(Retsch GmbH, Haan, Germany) at a amplitude of 
1.5 mm for 5 min. Soil remaining on each sieve was 
collected and weighed [13]. A method developed by 
[2] based on the test of [14] was used to determine 
water-stable aggregate distribution. Air-dried soil 
(20 g, <2 mm) was immersed in deionised water for 
20 min. samples were placed on the top of a nest of 
two sieves with openings of 0.25 and 0.053 mm. 
Sieves were immersed in water and moved manualy 
up and down through a vertical distance of 3 cm at a 
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rate of 60 strokes per minute for 2 min. All fractions 
were dried in a oven at 105°C and weighed. Mean 
weight diameter (MWD) was calculated for dry and 
wet sieving [13]. 
Direct surface infiltration (time-to-pond) was 
determined with a metalic ring (Ø 0.5 m), made out 
of wire placed on soil surface (thus a row of plants 
to overlap over the ring dimeter), but not impeding 
water to flow out of this area. The area was watered 
using a watering pot with outflow of 0.68 mm sˉ¹ 
from a height of 50 cm. The shower was stopped 
when water began to run out of the marked area. 
The time-to-pond and the amount of water added 
onto the soil were measured. Three measurements 
were performed per plot [9]. Measurements where 
done during the growing season in 2012 and 2013, 
and in crop stubbles in 2014. Data were analyzed 
using single-classification ANOVA with equal 
sample sizes for analysis of variance, and T-method 
(Tukey's honestly significant difference method) 
were used to determine significant mean differences 
at the 0.05 probability level (P<0.05) [18]. 
 
3. Results and Discussions 
 
In the case of wheat, MWD evaluated by wet 
sieving was significantly lower (P<0.05), when 
compared to that with dry sieving, in both 2013 and 
2014 cycles (Figs.1A, 1B). A significant higher 
MWD (P<0.05) was found with wet and dry sieving 
at the 2013 crop cycle, rvt, in comparison with the 
other practices (Figs. 1A, 1B).  
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Figure 1. Winter wheat: effect of tillage, crop rotation and crop residue management on soil 
aggregate distribution (dry sieving – A, wet sieving – B), within a NARDI- Fundulea long-term 
sustainability trial. Study years: 2013 and 2014. Treatment means with a different letter of the same data 
series differ significantly according to T method, at P<0.05 
 
Aggregate stability (by wet sieving) was 
significantly higher at rvt and 1/2rva. It was 
significantly lower for ciz, and 1/1rva (P<0.05) 
(Fig.1B). The MWD determined by dry sieving was 
often larger in 2014 cycle than in the 2013 one, but 
not using wet sieving (Figs. 1A, 1B). With dry 
sieving, differences between treatments were small. 
Wet sieving data in 2014 confirmed the trend which 
was seen in 2013: non-significantly better aggregate 
stability for 1/2rva, when compared to all the other 
treatments. In the case of maize, MWD evaluated by 
wet sieving was significantly lower in comparison 
with the MWD determined by dry sieving (P<0.05) 
(Figs.2A, 2B). The highest MWD with dry sieving 
was found again at the variant rvt, 2013 crop cycle 
(Fig.2A). 1/2rva and 1/1rva showed similar results. 
Similar values were obtained using wet sieving (Fig. 
2B). Lower MWD values were found for ciz when 
determined by both dry and wet sieving (Figs. 2A, 
2B).  
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Figure 2. Maize: effect of tillage, crop rotation and crop residue management on soil aggregate 
distribution (dry sieving – A, wet sieving – B, within a NARDI- Fundulea long-term sustainability trial. 
Study years: 2013 and 2014. Treatment means with a different letter within the same data series differ 
significantly, according to T method at P<0.05 
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Figure 3. Soybean: effect of tillage, crop rotation and crop residue management on soil aggregate 
distribution (dry sieving – A, wet sieving – B), within a NARDI- Fundulea long-term sustainability trial. 
Study years: 2013-2014. Treatment means with a different letter within the same data series differ 
significantly according  to T method at P<0.05. 
 
In 2014 crop cycle, ciz showed also lower 
MWD values, using both dry and wet sieving, 
compared to zero tillage with residue retention 
treatments (Figs.2A, 2B). The highest MWD values 
determined by dry sieving were found at 1/2rva 
(Fig.2A). The results of wet sieving of the variant 
1/2rva and 1/1rva, had almost similar MWD values 
to rvt (Fig.2B). In the case of soybean MWD 
evaluated by wet sieving was significantly lower, 
when compared to the MWD, using dry sieving 
(P<0.05). In both 2013 and 2014 crop cycles, not 
significant higher MWD values were found for 
1/2rva.rvt showed similar results to 1/1rva (Fig.3A). 
In the case of dry sieving, in both crop cycles, the 
MWD values of 1/2rva and 1/1rva treatments were 
higher than those recorded for all the other 
treatments, but not significant (Fig.3B). The lowest 
MWD values were found for ciz. 
 
0
1
2
3
4
5
ciz rvt 1/2rva 1/1rva
Treatments
T
im
e
-t
o
-p
o
n
d
 (
s
)
2012
2013
b A
ab
A
a
A
a
A
A
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
ciz rvt 1/2rva 1/1rva
Treatments
T
im
e
-t
o
-p
o
n
d
 (
s
)
2012
2013
B
b
A
ab
aa
A
a
A
a
A
 
0
0.5
1
1.5
2
2.5
3
3.5
ciz rvt 1/2rva 1/1rva
Treatments
T
im
e
-t
o
-p
o
n
d
 (
s
)
2012
2013
C
a
B
a
AB
a
A
a
A
0
1
2
3
4
5
6
ciz rvt 1/2rva 1/1rva
Treatments
T
im
e
-t
o
-p
o
n
d
 (
s
)
wheat
maize
soybean
D
c
D
a
bc C
a
ab
B
a
a
A
a
 
Figure 4. Effect of tillage, crop rotation and crop residue management on time-to-pond, durig the 
crop cycles 2012 and 2013, at NARDI-Fundulea long-term sustainability trial. For: A – winter wheat after 
soybean, B – maize after winter wheat, C – soybean after maize and D – effect of crop stubble on time-to-
pond in year 2014. Treatment means with a different letter within the same data series differ significantly, 
according to T method at P<0.05 
 
In 2012, in the case of wheat, 1/1rva had the 
highest times-to-pond values, but differences 
resulted when comparing to 1/2rva where small and 
non-significant (Fig.4A). The lowest significant 
time-to-pond data were registered for ciz (P<0.05). 
In 2013, the time-to-pond values were smaller at all 
variants than those registered in 2012 however it 
had a higher reading in the case of ciz. In 2013, the 
differences among variants were non-significant, but 
still keeping a similar trend of the 2012 results. In 
the case of maize, 1/2rva had the highest time-to-
pond in 2012, but differences compared to 1/1rva 
where very small and not significant (P<0.05) 
(Fig.4B). The lowest significant time-to-pond values 
were found for ciz. In 2013, time-to-pond values 
were smaller values than in 2012 for all variants. 
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Even the trend in 2013 resembles with 2012 one, the 
differences were not significant. In the case of 
soybean the differences recorded in 2012 among all 
variants were not significant, 1/1rva had the highest 
times-to-pond and the lowest values were found for 
ciz (Fig.4C). In 2013 lower values than in 2012 
were recorded for time-to-pond at all variants, but 
the trend of the previous year was maintained. ciz 
had significantly lower time-to-pond values 
compared to 1/2rva and 1/1rva (P<0.05). The winter 
wheat and maize stubbles had a positive, significant 
(P<0.05), influence on time-to-pond, but for that of 
soybean it was not significant. Plots with wheat 
stubble had higher time-to-pond when compared to 
maize and soybean stubbles (Fig.4D). In winter 
wheat stubble, the highest value was recorded at the 
variant 1/1rva. This value was significantly higher 
for the variants rvt and ciz. Plots with maize stubble, 
had significantly higher time-to-pond values in 
1/1rva when are compared to all other treatments 
(P<0.05). In soybean stubble, the variant ciz showed 
a smaller value of time-to-pond in comparison to all 
other treatments. Size distribution of soil structural 
units as stable aggregates has been proposed as a 
parameter to predict water retention and 
infiltration/runoff [2].  
Soil structure stability is the ability of 
aggregates to remain intact when are exposed to 
different stresses [11]. With dry sieving, the only 
stress applied is the one from the sieving, while with 
wet sieving the samples are additionally exposed to 
slaking. This explains why the MWD of dry sieving 
was generally larger compared to MWD of wet 
sieving (Figs.1, 2 and 3). Zero tillage with residue 
retention (flat or root-anchored) resulted in a high 
MWD, as well as a high level of stable aggregates, 
compared to chisel tillage with residue 
incorporation. This indicated that when leaving the 
soil untilled with retention of crop residue on the 
soil surface, the soil became more stable and less 
susceptible to structural deterioration. Reduced 
aggregation in chisel tillage is a result of direct and 
indirect effects on aggregation: physical disturbance 
of soil structure through tillage results in a direct 
breakdown of soil aggregates, and an increased 
turnover of aggregates. Indirectly, the residue lying 
on the soil surface in zero tillage with residue 
retention protects the soil from raindrop impact. No 
protection occurs in conventional tillage, which 
increases susceptibility to further disruption [17]. 
[6] found that zero tillage and residue retention in 
the long-term can improve soil structure. The 
management of previous crop residues is a key to 
soil structural development and stability. A well-
granulated soil, that is somewhat water-stable, 
allows movement of air and water and directly 
determines the soil's capacity to infiltrate water, 
which in turn decreases runoff [3]. The larger 
organic matter content of zero tilled soils with 
residue retention promotes aggregate stability and is 
associated with an increase of the macro aggregate 
fraction [20]. Soil organic matter can increase both 
soil resistance and resilience to deformation [12], 
decrease soil compatibility [1] and improve soil 
macro porosity [5]. Higher organic matter content in 
the top soil reduces slaking and disintegration of 
aggregates when they are wetted [3]. Conventional 
tillage also causes more physical disruption coupled 
with less production of aggregate stabilizing 
materials [4]. The aggregate formation process in 
conventional tillage is interrupted each time when 
the soil is tilled, with the corresponding destruction 
of aggregates. Time-to-pond measures how fast a 
soil can cope with intensive rainfall in terms of 
runoff problems and infiltration. The hammering 
effect of raindrops can increase soil compaction 
sometimes and can seal the surface of some soils, 
reducing the soil's intake of water [21].  
Compaction tends to increase runoff and 
erosion. Soil must have void space consisting of air 
and water for proper plant growth. When 
measurements were done during the growing 
season, higher direct infiltration rates were recorded 
in zero tillage with short and tall root-anchored 
residue retention than under zero tillage with short 
flat residue retention, and especially compared to 
chisel tillage with residue incorporation (Figs.4A, 
4B and 4C). The soil surface was protected against 
raindrop action and sealing within zero tillage 
system when the residue was left in the field. The 
mulch instead of the soil absorbs the energy of 
raindrops. This prevents the soil aggregates beneath 
the mulch from being broken apart and dispersed, so 
resulting in a soil less prone to seal over and crust 
forming. The residue also intercepts rainfall and 
releases it more slowly afterwards ('horizontal' 
mulching effect). The improvement in aggregate 
size distribution and stability leads to an increase in 
infiltration. When chisel tillage was practiced and 
no residue was left in the field, compaction of the 
soil and topsoil sealing resulted in a loss of almost 
all water via runoff. Plots with wheat stubble had 
higher time-to-pond compared to plots with maize 
and soybean stubble (Fig. 4D). The standing wheat 
stubble remaining on the soil, in the treatment with 
tall and short root-anchored residue retention, 
induces a 'vertical' mulching effect, resulting in 
bigger water infiltration than in fields with short flat 
residue retention and incorporated residue. When 
maize and soybean stubble remain tall and short 
root-anchored, a similar vertical mulching occurs, 
but since maize and soybean plant density is lower, 
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infiltration was less in comparison with wheat. In 
addition to the 'vertical' mulching effect, residues 
left in the field can intercept water and allow water 
to infiltrate slowly, i.e. the so called 'horizontal' 
mulching effect. 
 
4. Conclusions 
 
The results emphasize the positive effects of 
zero tillage seeding systems, crop rotation and crop 
residue retention in the stabilization period of CA 
practices. Zero tillage with residue retention did 
increased aggregate distribution and stability and 
also direct surface infiltration in comparison with 
chisel tillage with residue incorporation 
(conventional tillage). Incorporating residue 
practicing chisel tillage can be seen as a less 
efficient option in terms of soil conservation, as 
comparable amounts of residue retention in the field 
do not give the same results as with zero tillage. 
Taking into account these results, conservation 
agriculture can be considered a better option 
towards sustainable agriculture for the Eastern 
Romanian Danube Plain. 
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